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Natur der kovalenten Bindung

Covalent bond formation is a fundamental chemical re-
action. Yet, its physical origin has remained obscure to most
chemists.! Most general chemistry textbooks either avoid the
subject or advance incorrect explanations.

A common fundamental misconception is that chemical
bonding energies are static force field energies,” a notion that
goes back three centuries.? After the advent of quantum me-
chanics, this presumption was revived in the 1930s through
the hypothesis that the bonding energy-lowering is due to
the attractive electrostatic potential energy between the nuclei
and the wave mechanically accumulated electronic charge in
the bond region.* Support for this conjecture was presumed
to be seen in the virial theorem for equilibrium geometries,*
according to which the potential component of the binding
energy is always negative whereas the kinetic component 1s
always positive. Neither a formal nor a quantitative rigor-
ous demonstration of this connection has ever been put forth,
however.
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Natur der kovalenten Bindung

Zwei Hypothesen:

1. Slater, Feynman, Bader: Delokalisierung der Elektronendichte in der
Bindungsregion fuhrt zur elektrostatischen Stabilisierung

2. Hellmann, Rudenberg, Kutzelnigg: Delokalisierung der Elektronendichte
in der Bindungsregion fuhrt zur Absenkung der kinetischen Energie und
der damit einhergehenden Stabilisierung

Neuere quantitative Studien zeigen eindeutig, dass (2) korrekt ist!
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ABSTRACT: This work addresses the continuing disagreement between two schools of thought concerning the mechanism of
covalent bonding. According to Hellmann, Ruedenberg, and Kutzelnigg, covalent bonding is a quantum mechanical phenomenon
whereby lowering of the kinetic energy associated with electron sharing, i.e., delocalization, is the key stabilization mechanism.
The opposing view of Slater, Feynman, and Bader has maintained that the source of stabilization is electrostatic potential energy
lowering due to electron density redistribution to binding regions between nuclei. Following our study of H," we present an
analogous detailed study of H, where bonding involves an electron pair with repulsion and correlation playing a significant role in
its properties. We use a range of different computational approaches to study and reveal the relevant contributions to bonding as
seen in the electron density and corresponding kinetic and potential energy distributions. The energetics associated with the
more complex electronic structure of H,, when examined in detail, clearly agrees with the analysis of Ruedenberg; i.e., covalent
bonding is due to a decrease in the interatomic kinetic energy resulting from electronic delocalization. Our results support the
view that covalent bonding is a quantum dynamical phenomenon requiring a properly quantized kinetic energy to be used in its
description.
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Covalent bonds are created by the drive of electron waves to lower their
kinetic energy through expansion
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An analysis based on the variation principle shows that in the molecules Hy*, H,, By, Co, N>, 05, F>,
covalent bonding is driven by the attenuation of the kinetic energy that results from the delocaliza-
tion of the electronic wave function. For molecular geometries around the equilibrium distance, two
features of the wave function contribute to this delocalization: (i) Superposition of atomic orbitals
extends the electronic wave function from one atom to two or more atoms; (ii) intra-atomic contrac-
tion of the atomic orbitals further increases the inter-atomic delocalization. The inter-atomic kinetic
energy lowering that (perhaps counter-intuitively) is a consequence of the intra-atomic contractions
drives these contractions (which per se would increase the energy). Since the contractions necessar-
ily encompass both, the intra-atomic kinetic and potential energy changes (which add to a positive
total), the fact that the intra-atomic potential energy change renders the total potential binding en-
ergy negative does not alter the fact that it is the kinetic delocalization energy that drives the bond
formation. © 2014 AIP Publishing LLC. [http://dx.doi.org/10.1063/1.4875735]
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